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Abstract: The addition of 'O, to chiral dienol ethers provides a new route to alkoxydioxines
(alkoxyendoperoxides). Depending upon substitution and geometry, the [4+2] cycloaddition is accompanied or
even supplanted by [2+2] cycloaddition leading to alkene cleavage and/or ene-like reaction leading to allylic
hydroperoxides. The diastereoselectivity of cycloaddition is uitimately limited by the conformational freedom of
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the dienol ether substraies. © 1999 Eisevier Science Lid. Ali righis reserved.
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As part of investigations of additions to chiral peroxycarbenium ions, we required a general
route to enantiomerically enriched 3-alkoxy-1,2-dioxines (Fig. 1). Although we had
previously reported two different asymmetric syntheses of alkoxydioxines based upon
photocyclization of hydroperoxyenones,! neither was suitable for the current purpose. A route
based upon an enzymatic dioxygenation was limited in the nature of the substrates acceptable
to soybean lipoxygenase? while a more recent approach based upon radical rearrangement of
2-hydroperoxyalkenols is only suitable for asymmetric synthesis in the case of alkoxydioxines
bearing alkyl substitution at C,.3 The [4+2] cycloaddition of singlet oxygen ('O,) to chiral
1,3-dienol ethers seemed to offer an efficient approach to the required alkoxydioxines.4
While the cycloaddition of 'O, to dienol ethers has been previously reported,5 we are unaware
of any example involving the oxygenations of chiral acyclic dienol ethers. We now describe
the first investigation of 'O, addition to chiral acychc 1-alkoxy-1,3-dienes, mcludmg the
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Our approach was based upon the oxygenation of dienol ethers derived from chiral alcohols
(Figure 1). The chiral auxiliary would need to direct the approach of 'O,, an small and
reactive dienophile, towards one face of the dienol ether. We and others have demonstrated
the ability of several classes of chiral auxiliaries to direct the approach of 'O, to tethered
alkenes or dienes.6-8
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Figure 1: Auxiliary-Directed Oxygenation of Dienol Ethers
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The diastereoselectivity of other Diels-Alder cycloadditions to chiral alkyl dienol ethers
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varies with the choice of chiral auxilia Y (FIEUIC 2) For exa up}C, the dlathlCUblectl‘V}ty of
cycloadditions with maleic anhydride increased on going from menthyl to phenethyl to
arylcyclohexyl dienol ethers. Stereoselection in cycloadditions with N-phenyl-1,2,4-
. : 1
triazoline-3,5-dione (PTAD), a dienophile generally considered similar in reactivity to '0,,10
was poor for menthyl, moderate for phenmenthyl and phenylcyclohexyl-, and high for 2-
mesitylcyclohexyl dienol ethers.!!
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Figure 2: Diels-Alder Reactions of Chiral Dienol Ethers

Based upon these reports, we elected to compare the oxygenations of six classes of dienol
ethers varying in substitution and diene geometry (Figure 3). The comparison of substrates
with varying degrees of electron density and substitution would test the feasibility of
cycloadditions on substrates capable of alternative reaction pathways, including ene reactions
or [2+2] cycloadditions. The comparison of geometric isomers would examine the influence
of diene conformer populations on reaction diastereoselectivity. Several different chiral
auxilaries were investigated. Menthyl was chosen as an inexpensive and available substrate
offering reiatively limited facial s'nieiding The 2- pnenylcycmnexyl auxiliary was anticipated
to afford increased facial shielding, while the 1-phenethyl auxiliary was chosen to allow
comparison with previously described Diels-Alder reactions.
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RESULTS AND DISCUSSION

Dienol ethers were prepared by two general routes. Dienol ethers containing a Z-alkene in
either the 1- or 3-position were prepared through semihydrogenation of enynol ethers.!2
Synthesis of substrates 5 began with alkynyl ethers 1a and 1b prepared from L-menthol and
(R,S)-trans-2-phenylcyclohexanol by a reported procedure (Scheme 1).!3 Hydrozirconation
and iodination led to 2-iodo enol ether E-2a;!4 the isomeric (Z)-2a was available through
hydrostannylation/iodination. !>

, . R o J—
ROH > RO——=——H . Q‘——i 1a ——= RO X
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Scheme 1: Synthesis of Alkynyl and Haloenol ethers
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1-ynol ethers 3; the corresponding coupling of the iodoenol ether with an alkyne provided
1-en-3-ynol ethers 4.'6.17 Selective semihydrogenation of the alkynes with P-2 Nickel or
Lindlar’s catalyst furnished the dienol ethers 5. (Table 1).18
—" Py, cu*! P-2 Ni e
do=cH S PAC b=, RRNC s A/
i EtsN \\_E Or Linaiar N—o
Alkyne todide Enyne (Yield) Dienol Ether (Yield)
—/au RO \ _/Bu
b Ve \—Bu Eda (94%)  RQ_ /~  (1Z3E)5a (82%)
™ | E-ob (/1) — (1Z,3E)-5b (69%)
1 R
1a \_/ a~ t\ Z3a (57%) \_/ Yy (1232)5a (52%)
1-hexyne  E-2a \\__Bu E-4a (100%) f— Bu (1£,32)5a (53%)
D
Ma\v/

1-hexyne Z-2a Z-4a (63%) Ta TN\ (1Z,32)-5a (99%)
y \\————Bu “\__/ by ( Z)-6a ( )

Ra = menthyl Ry = 2-phenylcyciohexyl

Table 1: Synthesis of Enynol and Dienol Ethers

Application of the aforementioned route to terminally unsubstituted dienol ethers was
frustrated by overreduction. However, synthesis of dienol ethers 9ab could be accomplished
through Wittig methylenation of alkoxyenals 8ab (Scheme 2).1% Dienol ethers 14 and 16
were similarly prepared by methylenation of alkoxyenals (13ac) and an alkoxyenone
(15a).11,20 Although a functionalized E,E-dienol ether (12a) could be prepared based upon



Horner-Emmons olefination of 8a, attempts to prepare simple 4-alkyl-E,E-dienol ethers via
analogous Horner-Warren reactions were unsuccessful, as were attempts to perform hydride
reductions of enynol ethers.
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Scheme 2: Wittig-based Synthesis of Dienol Ethers
Photooxygenations:

The dienol ethers were individually photooxygenated for 5 - 15 minutes at 0°C in
methylene chloride containing 0.02 mM tetraphenylporphyrin (TPP) using a 200 W visible
lamp from a distance of 10-15 cm. Isolated yields and product ratios are shown in Table 2.
With the exception of 20a and 20c¢ (vida infra), the products were stable to the
photooxygenation conditions. However, a number of the products underwent partial
uecompomuon during purification. L,onsequenuy, proauu ratios were assessea by 'H NMR
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underwent oxygenation to form an endoperoxide ( 192a) as well as an alkoxyenal (8a) resu
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from formation and cleavage of a dioxetane at the C3-4 alkene. The formation of dioxetanes
during photooxygenation of dienol ethers has been previously observed.2! The 1E,3Z- and
1Z,3Z- isomers of dienol ether Sa underwent photooxygenation to furnish enal 8a; no other
products were observed in significant amounts. Although the crude NMR obtained following
photooxygenation of 1Z,3Z-5a clearly showed the presence of both geometric isomers of 8a,
only the E-isomer was observed after purification, indicating the lability of the Z-enal
towards isomerization. The regioselectivity of cleavage in formation of alkoxyenal 8 is
analogous to that observed by Snider during oxygenation of a 1,4-dialkyi-i-methoxy-1,3-

:
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dienyl ether and substantiates the FMO prediction of greater electron density at the remote
alkene of simple alkadienol ethers.!.22 The formate ester that would result from scission of
the oxygen-bearing alkene was not observed.

Dienol Ether Product Diast. Ratio Yield
//:’—\
RO \—_—\ 5a (1Z,3E) (Rao§ )’ ‘3_ 17a 62:38 (1.6:1) 63
Bu 5b(1Z3E) \RoO/ N/ i7b 74:26 (29:1) 71
/_—\\ o i H
~/ Busa(1E32) o L 8a NA 75
RaO R,O” X0
AN\_PY 5a(1232) 8a NA 99
R,O =
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HU =7 ~ Io \Hbo'/ \___/ o0 O/ oo 1) ry
QMe Me
T Q_Q (? 19a 55:44 {1.25:1) 39
Rao/\/\/ 12a Rao-( > 8a 19
F‘ao/\l/\ 14a OOH 208 70:30 (2.3:1) na

The 2-substituted dienol ethers 14a and 14c¢ undergo ene-like reaction to furnish labile
diene hydroperoxides 20a and 20c. The diastereoselectivity of these oxygenations was
assessed at low (<50%) conversion; at high conversions, 20a and 20c¢ began to undergo a
second [4+2] addition of 'O, to form a hydroperoxide endoperoxide, a problem well
precedented in the literature. 23 24 The selective formation of allylic hydroperoxides 20a and

20c¢ from the 2-substituted dienol ethers 14a and 14¢ implies not only the selective
formation of a perepoxide on the more substituted (and more hmdered) internal alkene but
also the preference of this perepoxide to undergo ene-like reaction via abstraction of an allylic
hydrogen. In this context, it is surprising that the 3-substituted alkene 16a undergoes

cycloaddition rather than ene reaction.

Stereoselection:
Reaction diastereoselectivity depends both on the conformational preferences of the dienol
ether and on the ability of the chiral auxiliary to shield one face of the diene. The well-known



superiority of arylcyclohexyl compared with menthyl in shielding a neighboring trigonal
center is to some degree reflected in our results.23.25 However, the modest diastereoselection
observed with the phenylcyclohexyl dienol ethers indicated a lack of conformational control, a
hypothesis supported by the results of molecular modeling (Figure 4).26 For brevity,
conformational analysis is illustrated for terminally unsubstituted menthyl dienol ethers. With
the exception of the 2-methyl dienol ethers, the diene unit of the dienol ethers was modeled
while constrained to the s-cis dihedral necessary for Diels-Alder reaction. For the 1E dienol
ethers the syn and anti conformers about the C-O-C=C dlhedral were calculated to be w1thm
1

NAL 1/
U.4 KCAl/ 111

a {” of the
C e of one face of a die

1fference of 0.4 kcal would predict maximum room temperature
stereoselectivity of 1.9 : 1 (66:34), a result similar to that observed for the
phenycyclohexyl dienol ethers. In contrast, the lowest energy conformers of the 1Z-dienol
ethers are separated by nearly 0.75 kcal/mol, predicting a diastereoselectivity of up to 3.5: 1.
Diastereoselection approaching this level was in fact observed with the phenylcyclohexyl
dienol ether 5b (/Z,3E). For the 2-methylalkadienol ethers, two conformers presenting
different prochiral faces, are calculated to be within 0.23 kcal/mol of one another. Because
this substrate reacts via ene addition to the internal alkene, the conformer population was also
modeled for the 2-methyl-1-propenyl (enol ether) analog; similar results were obtained. The
observation of higher than expected reaction diastereoselectivity in this series may indicate the
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Figure 4: MM2 Steric Strain Energies (kcal/mol)
S R
( = -Pr i-Pr
J-Pr Il ipr L

1E-dienol ethers (R =H) 16.8

2-Me dienol ethers (R =Me) 18.9 21.6 19.1 31.2

oy P ) L S~
17\/ O/\ ~ ‘7_.,‘\, 0 il ‘_7->‘_, 9
J | N
Lol v N /,
1Z-dienol ethers 20.48 >22.4 19.72 >28.1

diastereoselection relative to O, 1n a si tuatlon where stereochemical control w
dienophile approach. The failure to observe improved diastereoselection with PTAD supports
the lack of conformational control as the primary contributor for limited diastereoselection.
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Scheme 3: Cycloaddition with PTAD

Assignment of Absolute Stereochemistry:
The absolute stereochemistry of an endoperoxide was assigned as illustrated in Scheme 4.

Dienol ether 23 was prepared by an identical route as described earlier. Oxygenatlon
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However, the hmdered menthoxydioxine was urpnsmgly unreactive. Appllcatron of forcmg
1ditions to the major alkoxydioxine diastereomer resulted in the predominant formation of
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(R)-butenolide 25; the stereochemlstry was assigned by the sign of rotation.28.2% The
butenolide was accompanied by small amounts of the (3R,6R)-methoxydioxine (26), identified
through by comparison with a literature report for the (35,65) enantiomer.2  The
configuration of the products correlates with reaction of the Z,E-dienol ether 23 to form the
(3R,6R) alkoxydioxine as the major isomer of 24a.

Scheme 4: Stereochemical Correlation
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Assuming approach of 'O, away from the isopropyl of the menthyl auxiliary, the favored
formation of 24a as the 3R,6R isomer is most easily rationalized as resulting from reaction of
the dienol ether through a conformer with a syn C-O-C=C dihedral. Although this would
seem to contradict the molecular modeling described above, recent experimental and
theoretical work has indicated that ¢ yrlmddmo..s of chiral enol ethers may proceed through
transition states with reversed conformational preferences relative to ground states.

Application to Peroxycarbenium Chemistry:

We have previously described the displacement of peroxyacetals and peroxyketals,
including 3-methoxy-1,2-dioxines, in the presence of Lewis acids (Scheme 5).30 However, the
resistance of the alkoxyendoperoxide towards transetherification (above) raised concerns



about the ease of peroxycarbenium ion formation and these concerns were borne out by the
failure of 17b and 21a to undergo displacement under all conditions attempted.
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21a \ s
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Scheme 5: Attempted Lewis acid-mediated dispiacement
In conclusion, (1Z, 3E)-dienol ethers undergo 4+2 cycloaddition with the highest
diastereoselectivity; (1E, 3Z)- and (1Z, 3Z)-dienol ethers undergo 2+2 cycloaddition at the

(3Z)-alkene. The sole available example of a 4-alkyl substituted (IE 3E) dienol ether
undergoes 4+2 cycloaddition with 'O, with only modest selectivity; Aumuonauy, 2-alkyl
enhatitiitinm vialds allgylin huderamacavidag 1v7ia Ama ranntine and 2 a1l oeeh A Ao
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peroxyacetals via 4+2 cycloaddition with essentially no stereoselectivity. The
alkoxyendoperoxide products are ineffective as substrates for generation of the corresponding
peroxycarbenium ions
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All reagents and solvents were used as supplied commercially, except THF and CH,Cl,, which were
distilled from Na/Ph,CO and CaH,, respectively. NMR spectra were recorded in CDCI, unless otherwise noted;
'H spectra are reported as (multiplicity, number of hydrogens, coupling constant in Hz). Infrared spectra were
recorded as neat films unless otherwise stated. Selected absorbances are reported in wavenumber (cm™).
Elemental analyses were obtained from M-H-W Laboratories (Phoenix, AZ), Desert Analytics (Tucson, AZ), or
Quantitative Technologies, Inc., (Whitehouse, NJ). Progress of reactions involving peroxides were monitored by
TLC, using an N,N’-dimethyl-p-phenylenediamine indicator hydroperoxides yield an immediate reddish-pink spot
while peroxides exhibit a pink or green-red color after mild charring.3! Chromatography was often performed
with ethyl acetate/hexane which was recycied and quantitaied by a reported procedure.32 Caution: As in any work
involving peroxides standard precautions (use of protective equipment, minimal scale, avoidance of heat, light, or

PO al o \ chiald alagrn observed 33-35
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Ethynyl, [2-isopropyl-5-methylc vclohexyl (1R 28, 5R) 1
phenylcyclohexy] (R,S)] ether (1b) 3% were prepared according to hterdtur e pr ocedures.
(E)-2-1odoethenyl, [2-isopropyl-5-methylcyclohexyl (1R, 2S5, SR )] ether (E-2a). To a flame
dried flask under nitrogen and protected form light was added Cp,ZrCl, (4.96 g, 17.0 mmol), THF (68 mL), and
Super Hydride™ (LiEt,BH, 16.0 mL, 1.0 M in THF). The mixture was stirred for 1 h whereupon ethynyl cther

1a (1.53 g, 8.49 mmol) was added. After 15 min, iodine (2.37 g, 9.34 mmol) was added and the reaction stirred
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for 10 min while protected from light. The reaction was diluted with ethyl acetate/hexane (EA/hex, ~50 mL). The
organic layer was washed with sat. ag. NaHCO, (2 x 30 mL) and the combined aqueous layers were extracted
with EA/hex. The combined organic layers were washed with 10% aq. Na,SO, and sat. aq. NaCl, dried over
sodium sulfate, concentrated, and purified by flash chromatography (100% pentane, Et,N pretreated silica) to

afford a clear, colorless oil (1.17 g, 45%): R, 0.45 (100% hexane); [a], = -27° (¢ = 0.3, CDCl,); 'H NMR (360

MHz) 0.75 (d, 3H, /= T7), 1.33 (d, 3H, J = 2), 1.36 (d, 3H, /= 2), 1.37-i.41 (m, 5H), i.25-i.41 (m, 2H),
1 £ 1 £77 (e 11T A NE (s 1L 2 &£ (s 1LY r_ A 11N S 1N 7a 11r Ty — 17\ L £0 71 11T T 177\, ral
1.02-1.67 (m, 1), 2.U> (m, 1), 3.0 {at, 10, v =4, 11), 5.1V (q, 1, v = 12), 6.63 (q, 1r1, J=12); C
NMR (75 MHz) 153.8, 81.1, 49.4, 47 61, 0, 34.2, 31.5, 25.8, 23.4, 22,0, 20.6, 16.3; FT-IR 2956, 2925,
2871, 1614, 1595, 1452, 1190, 1132 cm ; HRMS calcd for C,,H, OI (M") 308.0637, found 308.0634

(Z)-2-1odo-ethenyl, [2-isopropyl-5-methylcyclohexyl (1R, 2S; SR)] ether (Z-2a). To a stirred
room temperature solution of 1a (1.00 g, 5.50 mmol) and triethyl borane (0.55 mL, 1.0 M in hexane) under

nitrogen was added tri-n-butyltin hydride (1.79 mL, 6.69 mmol). After 15 min at room temperature, a solution of
N-iodosuccinimide (1.24 g, 5.50 mmol) in THF (25 mL.) was added dropwise. The resulting solution was stirred
at roorn temperature for 2 hours prior to concentration. The residue was subjected to column chromatography
(100% pentane, Et,N pretreated silica) to afford 2a (1.34 g, 79%) as a clear, light yellow oil which decomposed
upon storage: R.0.34 (100% hexane); [a], = -37° (¢ = 0.2 CDCly); "H NMR (300 MHz) 0.77 (d, 3H, J=7),
0.89 (d, 3H, J=3), 091 (d, 3H, J = 3), 0.94-1.48 (m, 5H), 1.61-1.70 (m, 2H), 1.93-2.00 (m, 1H), 2.13

(dsep, 1H, /7 =3,7), 3.61 (dt, iH, /=4, 11), 483 (d, IH, J=4), 6.64 (d, 1H, J = 4); "C NMR (75 Mliz)
177 1 ~1 A [ale ui Ay la YA <4 IsXalie ] TIAO AN N AOQ M 1 " Q" I 18 A, TV TH "NW=r aTola X4 ~O™1 17N 171"
1/7.1, 21.4, L4.1, £4.2, £0.0, 34£.95, 24.0, 4L.4, 40.4, 1.0, 8I2.0, 104, 4, '1-1IKK LTD0, LYLD, LB/1, 1040, 1012,
17944 1710 1NQCQC 1NTA QQ77 ,..le

L, 1417, 1UQO, L1U/4, 20/ (il

hexcne37 (1‘80 g, 8.56 mmol), 1a (2.01 g, 11.15 mrnol), dﬂd a solutlon of Lopper (I) 1od1de (163 mg, 1.12
mmol) in isopropylamine (5 mL). The resulting orange solution was stirred in the dark for 6 h. The reaction was
diluted with hexane and thoroughly washed with ammonium chloride (sat. aq.). The aqueous layers were
combined and extracted with hexane. The combined organic layers were dried over sodium sulfate, concentrated,
and purified by flash chromatography (100% hexane, Et,N pretreated silica) to afford a clear, light yellow oil
(2.12 g, 94%): R, 0.62 (100% hexane); [a], = -33° (c = 0.5, CDCL); ' NMR (300 MHz) 0.81 (d, 3H, J = 7),
0.84-1.54 (m, 18H), 1.60-1.70 (m, 2H), 2.00-2.08 (m, 2H), 2.12 (apparent dp, 1H, J = 3, 7), 2.22-2.29 (m,
1H, J =5, 11),5.42 (dt, IH, J = 15.5, 2), 5.89 (dt, IH, J = 16, 7); >C NMR (75 MHz) 14.5,

-~ ~ A ~ s o ~ 1o ~ry o o Xo 2o ) ’\"'l I Ya N e] A A A OO N Fa Ve
l/U,ZIL, L.ZS,L‘I-.,A .0, 31.Y, 32.3, 33.3, 34./, 39.8, 4U.4, 4/.0, 85.Y, Y0.Y, 110.0, 141.3; FT-IR
b¥alalel NANAQ ~SOMN 1 YO LN Islalr X~ 1=I7=7 1ALE 1AE& 12771 10N l"\:’) NAQ ong ”IC( ,...,. -1, ..,.! rarsry: | f P
3023, 2948, 2921, 2869, 2235, 1727, 1465, 1455, 1371, 1290, 1253, 548, 906, 756 cm ; Anal. Calcd. 1
{‘LI{\-(‘ Q’)’IALI1I</1 Frind- M Q299298- H 11 2Q
Ligliggs. U, 6£.90, 11, 11.059. 14 ‘OUna: ©, 64.45, 11, 11.50.

3E Octen-l-yne, [trans-2-phenylcyclohexyl (RS)] ether (E-3b) was prepared from 1b (449 mg, 2.24
mmotl) by a similar procedure in 77% yield (375 mg) after flash chromatography (100% hexane): R 0.66 (S%
EA/hex); '"H NMR (500 MHz) 6 0.95 (t, 3H, J=9), 1.33-1.51 (m, 6H), 1.58 (dq, 1H, J= 3, 13), 1. 68 (dq,
J=4, 12.5), 1.79-1.82 (m, 1H), 1.97-2.00 (m, 2H), 2.10 (dq, 2H, J=1, 7), 2.46-2.49 (m, 1H), 2.81 (app dt,
1H, J=4, 11), 4.15 (dt, 1H, J= 4.5, 11), 5.44 (dt, 1H, J= 1.5, 15.5), 5.92 (dt, 1H, J= 7, 15.5, 1H), 7.35-7.38
(m, 2H,), 7.26-7.31 (m, 3H); '°C NMR (125 MHz) & 13.8, 22.0, 24.6, 25.5, 31.0, 31.1, 32.5, 33.8, 39.8,
49.0, 89.4, 95.6, 109.3, 126.5, 127.5, 128.3, 140.6, 142.5; FT-IR 698, 754, 940, 995, 1253, 1449, 2245,
2858, 2930, 3028 cm™'; HRMS calcd for C,,H,,0 (M*) 282.1984, found 282.1973.

3Z-Octen-1-ynyl, [2-isopropyi-5-methyicyciohexyl (1R, 2§, 5R )] ether] (Z-3a) was prepared in
57% yield from 1a (300 mg, 1.66 mmol) and (Z)-1-iodo-1-hexene3® (350 mg, 1.66 mmol) by a similar procedure

J SRS T T TP PR TR, PR PP TP, T N N&EQ (1NN bkavane Iy
as ut:bLXIUt:U dUUVC L}&cht u dl PC“I.LUIC wdd ClllplUyULl lUl ClL lldlUéldl)lly. I\f .00 lU\l /(7 llCKdllﬁ}, n JVlVLl\
(500 MHZAY S 079105 (m. SHY. 083 ¢d 3H. J=7). 095 (d. 3 I— 7Y 1722 {4t TH =12 12) 1 2N_1 §1
\JUU ViIlZ ) O ./ 7=-1.UJ (ill, Orij, V.05 \Q, JOi1, v= 7 ), V.JJ \Q, Ji1, v= J ), L.LL \Ui, 111, J=— 14, 14}, 1.JU J1
(m. OH) 64-171 ¢ 2H). 2.16 (app. dn 1H, I-—"l 7, 2.20-2.28 (m, 3H), 3.84 (dt, 1 J=4. 11), 541 (dt
un, ) 0a-1 (m, £11) i0 \uyt, ap, :r )y L2200 Un, 2n), 2.04 (Qt, 193,/ , 41), 2.9 (Cf,
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29.6, 31.2, 31.6, 34.0, 37.8, 39.7, 46.8, 88.2, 101.3, 109.0, 139.6; FT-IR 903, 943, 1271, 1456, 2242, 2871,
2926, 2956, 3019 cm’'; HRMS caled for C,jH,,0: 263.2360, found 263.2375 (M+H)".

1E-Octen-3-ynyl, [2-isopropyl-5-methylcyclohexyl (1R, 2S, SR)] ether (#-4a) was prepared in
quant. yield (455 mg) from (E)- 2a (536 mg, |.74 mmol) and 1 hexyne (0.19 mL 1.7 mmol) using a similar

procedure as described for 3a: R 0. 55 (100% hexane); [y = —56° (¢ = 0.3, Et,0); 'H NMR (300 MHz) & 0.74

1 NATY T 1nrr\ 1 TEN A Ao A ~TT

(d, 3H, J=T7), 0.79-1.00 (m, 12H), 1.21-1.66 (m, 8H), 1.99-2.07 (m, 2H), 2.27 (dt, 2H, J= 2, 7), 3.49 (dt,
1H, J=4,11), 493 (dt, 1H, J=2, 12.5,), 6.65 (d, 1H, J= 13); *C NMR (75 MHz) 5 13.6, 16.3, 19.2, 20.6,
21.97, 22.01, 23.4, 258, 31.1, 31.4, 342, 41.1, 47.5, 76.3, 81.7, 86.6, 88.3, 156.1; FT-IR 802, 1014, 1097,
1137, 1198, 1457, 1637, 2871, 2926, 2956 cm™'; HRMS caled for C (H,,0 (M*) 262.2289, found 262.2297.

1Z-Octen-3-yne, [2-isopropyl-5-methylcyclohexyl (1R, 2S, SR )] ether (Z-4a) was prepared from
(Z)-2a (1.34 g, 4.33 mmol) and 1-hexyne (0.33 mL, 5.6 mmol) using a similar procedure as descnbed above.

Purification by flash chromatography (100% hexane, Et,N pretreated silica) afforded 4a (716 mg, 63%) as a
clear, light yellow oil: R, 0.60 (5% EA/hex); [a],, = —35° (¢ = 0.2, CDCl,); '"H NMR (360 MHz) 0.78 (d, 3H, J
=7), 0.84-1.51 (m, 18H), 1.63-1.67 (m, 2H), 1.97-2.07 (m, 1H), 2.15 (apparent dp, 1H, J = 2.5, 7), 2.32 (dt,
2H,J=2,6),3.52(dt, IH, J =4, 11),4.41 (d, 1H,J =17, 2), 6.29 (d, 1H, J = 6); *C NMR (75 MHz) 153 .4,
93.0, 85.0, 82.9, 75.1, 47.5, 414, 34.2, 31.6, 31.0, 25.9, 23.6, 22.1, 21.9, 20.6, 19.5, 16.5, 13.6; FT-IR
2954, 2927, 2870, 1631, 1456, 1369, 1344, 1257, 1163, 1093, 1074 cm™; Anal. Calcd. for C,sH,,0: C, 82.36;
H, 1i.54. Found: C, 82.53; H, i1.39.
1Z,3E-Octadiene, [2-isopropyi-S-meth
oven dried 3N flask, attached via a 3-way

ethanol was added. After stirring for 20 minutes, ethvlenedlamm (0.045 mL, 72 mmol) and a solution of the
enynol ether £-3a (50 mg, 0.19 mmol) in ethanol (2 mL) were added. After stirring for 1 h, hydrogen was
purged and the reaction mixture was diluted with hexane. Following a wash with 10% aq. NaHCO,, the organic
layer was dried over Na,SO,. Concentration, followed by flash chromatography {100% pentane, Et,N pretreated
silica) afforded a clear, colorless oil (41 mg, 82%) containing an 82:18 mixture of the desired dienol ether and the
over reduced enol ether. The two were separated using HPLC (0.05% EA/hex) to afford the pure enol ether Sa:
R, 0.62 (100% hexane); [a], = —8° (c = 0.4, CDCL,); ‘H NMR (300 MHz) 0.76 (d, 3H, J = 7), 0.85-1.41 (m,
ISH), 1.60-1.68 (m, ZH) 1.92-2.18 (m, 4H), 3.39 (dt, 1H, l—4 i1),4.97 (dd, IH, J = 11, 6), 5.50 (dt, 1H,
J=15,7), 590 (d, 1H, J = 6), 6.34 (dd, 1H, J = 11, 15); "C NMR (75 MHz) 141.6, 131.1, 123.9, 106.9,
4, 42.3 35.(), 33.3, 32.5, 32.3, 26.5, 24.2, 23.0, 2 8, 21.4, 17.1, 14.6; FT-IR 2956, 2922, 2871,
MS c: r C;H,,0 (M) 264.2453,
ve > (RS)] ether (1Z,3E- 5h) was prepa
. ol) in € ield (396 mg) by a similar nrocedure R, 0.87 (5% EA/hex); ' VR (
0.87 (t, 3H, J= 7, 3H), 1.60-1.24 (m, 8H), 1.74-1.79 (m, 1H), 185 2.01 (m, 3H), 2 219 (m, 1H), 2.66
(app dt, 1H, J=4, 11), 3.63 (dt, 1H, J=4, 10), 477 (dd, 1H, J=6, 11), 5.37 (dt, 1H, J—7 15.5), 5.62 (d,
1H, J= 6), 6.08 (dd, 1H, J= 11, 15.5), 7.15-7.33 (m, SH); *C NMR (75 MHz) § 13.9, 22.2, 24.9, 25.8, 31.7,
32.5, 32.8, 33.4, 50.4, 84.5, 106.6, 123.1, 126.2, 127.7, 128.1, 130.2, 143.4, 143.6; FT-IR 698, 754, 970,
1075, 1108, 1448, 1615, 1656, 2856, 2927, 3029 c¢cm'; HRMS caled for C,H,,O (M") 284.2140, found
284.2142.
1Z,3Z-Octadienyl, [2-isopropyl-5-methylcyciohexyl (1R, 2S5, 5K)] ether (1Z,3Z- 5a) was
preparea from Z-3a (160 mg, 0.610 mmol) by the above proceaure in 52% 83 mg, IOllOWlIlg HPLC
{ )
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0.33 (100% hexane); [a],, = —9° (¢ = 0.2, CHCI,); 'H NMR (500 MHz) § 0.72-1.05 (m,
7), 1.25-1.42 (m, 6H), 1.62-1.66 (m, 2H), 1.97-2.02 (m, 1H), 2.05-2.15 (m, 3H) 2_42

1.40 2 22 5.5 Fae, 113,

5.21(dd, 1H, J=6, 11), 5 2 (dt, 1H, J=8, 11), 6.05 (d, 1H, J=6), 6.33 (app t, 1H, 11); C NMR (125
2.1,

MHz) & 13.9, 16.4, 20.7, 224 23.6, 259, 27.3, 31.6, 31.9, 34.3, 41.7, 478 824 101.9, 121.3,

out puuuuauuu. Rj-
2H), 0.76 (d, 3H, J=
t, 1H, J=4, 10.5),
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128.2, 145.4; FT-IR 1049, 1103, 1245, 1263, 1602, 1647, 2871, 2921, 2955 cm™; HRMS calcd for CH,,0
(M") 264.2453, found 264.2443.

1E,3Z-Octadiene, [2-isopropyl-5-methylcyclohexyl (1R, 2S, 5R)] ether (1E,3Z- 5a) was prepared
from E-4a (46 mg, 0.18 mmol) in 53% yield by the same procedure used for 1Z,3E 5a: R, 0.33 (100% hcxanc);
[a], = =11° (¢ = 0.7, CHCL,); '"H NMR (500 MHz) § 0.77 (d, 3H, J= 7), 0.84-0.92 (m, 10H), 0.94-1.04 (m,
2H), 1.24-1.42 (m, 6H), 1.63-1.68 (m, 2H), 2.00-2.13 (m, 4H), 3.46 (dt, 1H, J=4, 10), 5.16 (m, 1H), 5.83

(m, 1 H), 5.83 (m, 1 H), 6.44 (m, 1H). NMR simulation using NUTS (NMR Utiiity Transform Software, Acorn
NMR) demonstrated the multiplicity of the olefin signals to originate from higher-order coupling; *C NMR (125

MHz) & 14.0, 16.4, 20.8, 22.1, 22.4, 23.5, 25.8, 27.4, 31.6, 32.0, 34.3, 41.4, 47.8, 81.6, 104.0, 124.4,
126.7, 149.9; FT-IR 907, 1143, 1173, 1181, 1610, 1653, 2871, 2921, 2954 cm'; HRMS caled for C,H,,0
(M*) 264.2453, found 264.2451.

va ) &U ound 2Z 4 s

Ethyl 3-[2-isopropyl-5-methylcyclohexyloxy (1R, 2S, SR)]-2E-propenoate (6a): To a solution of
L-menthol (11.92 g, 76.30 mmol) in Et,0 (127 mL) was added Et,N (10.6 mL, 76.3 mmol) and ethyl propiolate
(7.30 mL, 72.5 mmol). The reaction mixture was stirred for 15 h protected from light. Evaporation and flash
chromatography (5% EA/hex) provided alkoxyenoate 6a (10.0 g, 54%): R,0.52 (20% EA/hex); [a], = -65° (¢ =
0.8, CHCL,); '"H NMR (360 MHz) § 0.75 (d, 3H, J=7), 0.88 (d, 3H, J=7), 0.91 (d, 3H, /=7 ), 0.89-1.08 (m,
3H), 1.26 (t, 3H, J—7) 1.35-1.45 (rn 2H) 164 170 (m 2H) 196 206 (m 2H) 370 (dt lH J—4 11)

21.8, 23.4, 25.25, '31.3, 34.0, 40.7, 4‘/.4, 59.4, 85.0, 96.7, 162.0, 168.i; FT-IR 1041, ii/.4, iz(’)u, 1450,
a ~7. - TN
/ J AV

. .1780
Ethyl 3-[trans-2-phenylcyclohexyloxy-(RS)]-2E-propenocate (6b) was prepared by a similar
procedure from (RS)-frans-2-phenylcyclohexanol (5.35 g, 30.4 mmol) in 92% yield (7.65 g) after flash
C___ro_m.at‘g:aphy (4% EA/hex, EuN pretreated silica): R, 0.13 (10% EA/hex); 'H NMR (300 MHz) & 1.20 (t,
3H, J=7), 1.27-1.62 (m, 4H), 1.76-1.97 (m, 3H), 2.19- 223 (m, 1H), 2.69 (app dt, 1H, J= 3.5, 12), 3.98 (dt,

1H, J= 4.5, 1() 5), 407 (q, 2H, J="7), 5.08 (d, IH, J=12), 7.17-7.31 (m, 6H); *C NMR (75 MHz) § 14.2,
24.6, 25.5, 32.1, 33.5, 49.9, 59.4, 85.3, 96.5, 126.5, 127.4, 128.4, 142.5, 161.9, 168.0; FT-IR 2980, 1702,
1637, 1618, 1448, 1258, 1171, 973 cm'; HRMS caled for C,,H,,0, (M+H)* 275.1647, found 275.1643.

3-[2-Isopropyl-5-methylcyclohexyloxy (1R, 2S, SR)]-2E-propenol (7a). To a -78 °C solution of 6a
(3.0 g, 11 mmol) in Et,0 (78 mL) was added DIBAL (25 mL, 1.0 M in hexane). After 10 h, the rxn was allowed
to warm to 0 °C. Following the addition of MeOH, the reaction mixture was filtered through Celite and

'Wa¥a¥s:i

evaporated to yield a qu.muuauve yield (2.49 g, 100%) of the allylic alcohol. roiiowing flash chromatography

) nratraate sood vialde ranging from 60 - 7230 B 0975 (900 EA ey
{(i5% EA/nex, E‘ N pretreated silica), 7a was obtained yields ranging from 60 - 73%: R, U.25 {2U% LCAMEX);

fal, =-45° (¢ 6, Et,0); '"H NMR (500 MHz) § 0.73 (d, 3H, J=17), 0.86 (d, 3H J=7), 0.88 (d, 3H, J=7),
0.78-1.02 (m, 3“), 1.27-1.38 (m, 2H), 1.54 (br s, 1H), 1.60- 165 (m, 2H), 2.00-2.27 (m, 2H), 3.47 (dt, 1H
J=4,10.5), 3.99 (d, 2H, J=7.5), 5.08 (dt, IH, J= 7.5, 12.5), 6.35 (d, 1H, J= 12.5); C NMR (125 MHz) 5

16.3, 20.6, 22.0, 23.3, 25.7, 31.4, 34.2, 40.8, 47.6, 60.7, 80.7, 103.7, 149.6; FT-IR 3353-3303, 2870, 1648,
1455, 1385, 1369, 1240, 1154, 1094, 1039, 925 cm™; Anal Caled for C,,H,,0,: C, 73.54; H, 11.39. Found: C,
74.70; H, 11.79; HRMS caled for C,;H,,0, (M"): 212.1776; found 212.1773.

3-[trans-2-phenylcyclohexyloxy (RS)]-2E-propenol (7b) was prepared from 6b (450 mg, 1.64 mmol)
by a similar procedure and was isolated as a white solid in 73% yield (280 mg) after flash chromatography (20%
EA/hex, Et,N pretreated silica): R, 0.20 (20% EA/hex); mp 70-71 °C; '"H NMR (300 MHz) § 0.84 (br s, 1H),

1.26-1.95 (m, 7H), 2.17-2.23 (m, lH) 2.64 (ddd, 1H, J= 3.5, 10.5, 12), 3.73-3.84 (m, 3H), 4.89 (dt, 1H, J=

7.5, 12), 6.00 (d, 1H, J= 12), 7.17-7.22 (m, 3H), 7.26-7.31 (m, 2H); "C NMR (75 MHz ) é 24.8, 25.8, 32.4,

33.7, 50.6, 60.5, 83.3, 103.6, 126.3, 127.9, 128.3, 143.6, 149.8; FT-IR 3202-3176, 2930, 2888, 2856, 1671,
175, 1037, 1027, 992, 924, 698 cm™'; HRMS caled for C ;H, 0, (M + Na)*, 255.1361 found 255.1355.

1

1 1
3-[2-Isopropyl-5-methylcyclohexyloxy-(1R, 2S, 5R)]-2E -propenal (8a). To a solution of 7a (1.23
g, 5.79 mmol) in CH,Cl, was added activated 4 A powdered, molecular sieves (2.9 g, 500 mg/mmol), N-

Ly 11 13 3 adluioll did

)
“n
Cn
-
b~
O
\(
O
A
~
-
LN
[¥%)
~
|
S
~
S
Ln
N
——
—

~J



methylmorpholine N-oxide (NMO, 1.02 g, 8.69 mmol), and tetra-n-propylammonium perruthenate (TPAP, 183
mg, 0.579 mmol). The reaction mixture was stirred at RT for 45 min, filtered through a plug of E(,N pretreated
silica, and washed with EtOAc. Evaporation provided aldehyde 8a (1.21 g, 100%) as a colorless oil: R, 0.3
(20% EA/hex); [a], = -87° (c = 1.8, Et,0); 'H NMR (500 MHz) 6 0.76 (d, 3H, J=7), 0.90 (d, 3H, J=7), 0.93
(d, 3H, J=7), 0.87-1.13 (m, 3H), 1.42-1.48 (m, 2H), 1.69-1.72 (m, 2H), 1.98-2.05 (m, 2H), 3.82 (dt, 1H, J=

— o~ ~ - 13w =y o moATT

4, 11), 5.63 (dd, 1H, J= 8, 12), 7.30 (d, 1H, J= i2), 9.32 (d, iH, J= 8); *C NMR (125 MHz) 8 i6.3, 20.5,

21.9, 234, 26.0, 31.4, 34.0, 40.6, 47.4, 84.3, 110.8, 170.3, 191.2; FT-IR 1138, 1214, 1250, 1455, 1611,
1634, 1672, 2871, 2926, 2956 cm '; HRMS caled for C;H,,0, M+H)": 211.1698; found 211.1701.

3-[trans-2-phenylcyclohexyloxy (RS)]-2E-propenal (8b) was prepared similarly from alcohol 7b (270
mg, 1.16 mmol) in 93% yield (248 mg) as a white solid: R, 0.30 (20% EA/hex); mp 67-69 °C, "H NMR (500
MHz) & 1.32-1.48 (m, 2H), 1.51-1.64 (m, 2H), 1.79-1.82 (m, 1H), 1.91-1.99 (m, 2H), 2.19-2.23 (m, 1H),

2.73 (ddd, 1H, J=4, 10, 12.5), 4.03 (dt, 1H, J= 4.5, 10.5), 5.43 (dd, 1H, J=8, 12.5), 6.83 (d lH J=12.5),
7.16-7.22 (m, 3H), 7.28 (t, 2H, J=7.5), 9.02 (d, 1H, J= 8); ""C NMR (125 MHz) & 24.6, 25.4, 32.1, 33.1,
50.2, 87.1, 1104, 127.0, 127.6, 128.6, 142.0, 170.4, 191.2; FT-IR 2937, 2859, 1666, 1631, 1611, 1260,
1119, 999, 943, 757, 2937 cm™'; HRMS calced for C,H,,0, (M+H)* 231.1385, found 231.1394.

1E,3-Butadiene, [2-isopropyl-S-methylcyclohexyl (1R, 28, S5R)] ether (9a). To a -78 C
suspension of methyl triphenylphosphonium bromide (420 mg, 1.17 mmol) in THF (5.9 mL) was added n-BuLi
(0.20 mL, 2.4 M in hexanes). The reaction was warmed to RT and stirred until complete dissolution was

observed, then recooled to -78 °C whereupon a solution of aldehyde 8a (247 mg, 1.17 mmol) in THF (1 mL) was
added via cannula. The reaction was brought to RT and, after 30 min, quenched by the addition of H,O and

hexane. The aqueous layer was extracted with hexane. The combined organic layers were dried over magnesium
sulfate, concentrated, and purified by flash chromatography (100% hexane, Et,N pretreated silica) to afford dienol
ether 9a (156 mg, 64%): R, 0.95 (20% EA/ex); [o], = —40° (c = 2.5, Et,0); 'H NMR (300 MHz) 8 0.77 (d
3H, J=7), 0.89 (d, 3H, J_7) 0.91 (d, 3H, /= 7), 0.83-1.06 (m, 3H), 1.25-1.42 (m, 2H), 1.62-1.67 (m, 2H),

1.97-2.13 (m, 2H), 3.50 (dt, 1H, J=4, 11), 477 (d, 1H, J=10), 4.94 (d, 1H, J=17), 5.62 (app t, IH, J=
11.5), 6.19 (app dt, 1H, J= 17, 10.5), 6.48 (d, 1H, J= 12); "C NMR (75 MHz) § 16.3, 20.7, 22.0, 23.4, 25.8,
31.4,24.2, 41.1, 47.6, 81.2, 108.2, 110.8, 133.6, 150.5; FT-IR 991, 1144, 1155, 1184, 1637, 1653, 2870,
2924, 2956 cm’'; HRMS calcd for C,,H,,0 (M*): 208.1827; found: 208.1820.

1E,3-Butadiene, [trans-2-phenylcyclohexyl (RS)]ether (9b) was prepared from aldehyde 8b (248 mg,
1.08 mmol) by a similar procedure in 43% yield (107 mg) after flash chromatography (3% EA/hex, Et,N
pretreated silica): R;0.93 (20% EA/hex); 'H NMR (500 MHz) & 1.32-1.57 (m, 4H), 1.76-1.79 (m, 1H), 1.86-

1.97 (m, 2H), 2.20- 2 24 (m, 1H), 2.67 (ddd, iH, Jj=4, 10.5, 12.5), 3.83 (adi, iH, J=4.5, 10), 4.70 (ad, 1H,
J=2,10.5), 4.87 (dd, 1H, J=2, 17), 5.46 (app t, 1H, J=11.7), 6.04 (app dt, 1H, J=10.5, 17), 6.20 (d, 1H,
J=12.5),7.29 (t, 2H, J=7.5), 7.18-7.23 (m, 3H); "C NMR (125 MHz) § 24.8, 25.8, 32.4, 33,9, 50.2, 83.2,
108.1, 110.7, 126.3 127.5, 128.3, 133.5, 143.4, 150.3; FT-IR 2931, 2856, 1651, 1637, 1119, 1034, 1025,
993, 800, 754 cm''; HRMS caled for C, H,,O (M") 228.1514, found 228 1516.

SEEETE 167720

5-Ethyl 3-[2- mopropyl 5-methylcyclohexyloxy-(1R, 2S, 5R)] -2E ,4E -pentadienoate (10a). To
a -78 °C solution of triethyl phosphonoacetate (1.27 mL, 6.38 mmol) in THF (1 mL) was added NaHMDS (7.54
mL, 1 M in THF), and, after 10 min, a solution of aldehyde 8a (1.22 g, 5.80 mmol) in THF (1 mL). The reaction
was allowed to warm to rt over 3 h. Water and Et,0 were added, and the aqueous layer was extracted with Et,0.
The combined organic layers were dried over sodium sulfate, concentrated, and purified by flash chromatography
(8% EA/hex, Et,N pretreated silica) to afford alkoxydienoate 10a (810 mg, 50%): R,0.62 (20% EA/hex); [0, =

-:—.’\"-r'.(\nﬂﬂ.«-l -~ e N s I a s L 2 Anr\/ -~y

-59° (¢ = 1.0, CHCl,); ‘H NMR (500 MHz) 6 0.75 (d, 3H, J=7), 0.81-0.87 (m, iH), 0.88 (d, 3H, Jj=7), 0.92
(d, 3H, J=7), 0.96-1.06 (m, 2H), 1.26 (t, 3H, J=17,), 1.30-1.43 (m, 2H), 1.63-1.68 (m, 2H), 1.98-2.05 (m,
2H), 3.62 (dt, 1H, J=4.5, 11), 4.16(q, 2H), 5.65(d, 1H, J=15),5.70 (app ¢, 1H, J=12, 1), 679 (d, IH, J=
12), 7.23 (dd, 1H, J= 12, 15); >*C NMR (125 MHz) 8 14.4, 16.3, 20.6, 22.0, 23.4, 25.9, 31.5, 34.1, 41.2,
47.6, 59.8, 82.9, 1059, 114R 143.3, 157.5, 167.7; FT-IR 2921, 2871, 1708, 1615, 1454, 1322, 1282, 1081,

1068, 1009, 919, 862 cm™; HRMS caled for C,,H,,0, (M*) 280.2038, found 280.2042.
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5-[2-Isopropyl-5-methylcyclohexyloxy-(1R, 2S, 5R)]-2E,4E-pentadienol (11a) was prepared
from from ester 10a (630 mg, 2.25 mmol) in 99% yield (531 mg, without chromatography) by a similar
procedure as described for 7a: R, 0.30 (20 % EA/hex); [a], = —49° (¢ = 3.0, CHCl,); '"H NMR (300 MHz) &
0.75 (d, 3H, J=7), 0.78-1.03 (m 3H), 0.88 (d, 3H, J= 7), 091 (d, 3H, J=7), 1.24-1.42 (m, 3H), 1.57-1.67

(m, 2H), 1.97-2.09 (m, 2H), 3.49 (dt, iH, J=4, 11), 4.10 (d, ZH, J= 6), 5.57 (dt, iH, J= 6, 15), 5.60 (dd,
1H, J= 11, 12), 6.10 (dd, 1H, J= 11, 15), 6.46 (4, 1H, J= 12); (75 MHz) & 16.3, 20.7, 22.1, 23.4, 25.8, 31.5,
34.2, 41.1, 47.7, 64.0, 81.5, 106.5, 128.5, 129.3, 150.7; FT-IR 3260-3420, 2920, 2869, 1657, 1171, 1139,
1008, 988, 969 cm'; HRMS caled for C, H, O, (M+Na)* 261.1831, found 261.1831.
]-f’i-Mpthnxv-1E.3E.nentad!ene] [2-isonpronvl-5-methvicvclohexv]l (1R. 2S. SR)1 ether (12a)
[ St J 3 L | g R RS J \RELy &Sy CAR ) VEARLE (AT
To a 0 °C solution of alcohol 11a (357 mg, 1.50 mmol) in DMF (7.5 mL) was added NaHMDS (1.9 mL, 1.0 M

in THF) and then methyl iodide (0.10 mL, 1.7 mmol). The reaction was stirred for 1 hr at 0 °C and then quenched
by the addition of H,O (15 mL) and EtOAc (200 mL). The aqueous layer was extracted with Et,0 (3 x 150 mL).
The combined organic layers were dried over magnesium sulfate, concentrated, and purified by flash
chromatography (10% EA/hex, Et;N pretreated silica) to afford alkoxydienol 12a (145 mg, 38%): R, 0.71 (20%
EA/hex); '"H NMR (500 MHz) 8 0.72 (d, 3H, J=7), 0.85 (d, 3H, J=7), 0.87 (d, 3H, J= 7), 0.75-1.00 (m, 3H),
1.26-1.37 (m, 2H), 1.59-1.64 (m, 2H), 1.97-2.05 (m, 2H) 3.25 (s, 3H), 3.45 (dt, J= 4, 10.5 , 1H), 3.85 (d,

2H, J= 6.5), 5.46 (dt, 1H, J= 6.5, 15), 5.57 (app t, iH, J=11.5), 6.06 (dd, 1H, J= 11, 15), 6.41 (d, IH, J=
12); *C NMR (125 MHz) & 16.3, 20.5, 21.9, 23.5, 25.8, 31.4, 34.2, 41.1, 47.6, 57.3, 73.2, 81.2, 106.7,
179 =7 12N N 1M A wr 1D "02N ~NOAN 1£777 1£177 1240 17217 1701 1Y TN 11IMN1 QAA -] TTODARACQ 1.1
Tad. 7, 10VU.4, 10U.4, CI-IN 200U, L04LU, 1UL/, 101/, 1090, 12ZL4L, 1471, 14/U, 1£LLl, 044 CII1 , IIIKIVID CalCU
for C, H,,0, (M") 252.2089, found 252.2078

2 y

and the rmxture was stlrred for 30 min before addition of Eth. Removal of solvent in vacuo provided aldehyde
13a (288 mg, 100%): R, 0.53 (20% EA/hex); 'H NMR (500 MHz) § 0.79 (d, 3H, J=7), 0.86-0.93 (m, 1H),
0.92 (d, 3H J=7), 0.94 (d, 3H, J= 6), 1.04 (dq, 1H, J= 3.5, 12), 1.17 (dt, 1H, J= 11, 12), 1.48 (m, 2H), 1.67
(s, 3H), 1.67-1.73 (m, 2H), 1.98-2.02 (m, 2H), 3.77 (dt, 1H, J= 4, 11), 7.03 (s, 1H), 9.20 (s, 1H); (125 MHz)
8 6.5, 16.5, 20.5, 21.9, 23.7, 26.2, 31.6, 34.0, 41.8, 47.6, 86.1, 119.7, 167.5, 191.8; FT-IR 981, 1213,
1247, 1454, 1637, 1670, 2725, 2871, 2924, 2958 cm’'; HRMS caled for C,H,,0, (M+Na)* 247.1674, found

imilar proceaure fror

by as m
s D N0 M50 EAMa 1y NnA
). I\f Va7 (&l 70 LJ['\IIICA], 11 INIvL

A
(q, 1H, J=6.5), 6.94 (s, 1H), 7.27-7.42 (m, 5H), 9.13 (s,
104 125.8, 128.4, 128.8, 1411 166.3, 191.7; FT-IR 2981

5 14U 1220.0, 1409 1£0.,0, 141.1, 1000 ar 01,

..\¢
\)
N
=
o
—
71

1H); C NMR , 23.3,
1638, 1201, 1064, 993, 842 69 548 cm’ HRMS caled for C,,H,,0, (M") 190. 0994 found 190.0990.

2-Methyl-1E,3-butadiene, [2 lsopropyl -5- meth_ylc_yclohexyl (1R, 2S5, 5R)] ether (l4a) was
prepared from 13a in 65% yield using a similar procedure as described for 9a: R, 0.95 (20% EA/hex); 'H NMR
(500 MHz) 6 0.77 (d, 3H, J=T7), 0.82-1.05 (m, 3H), 0.89 (d, 3H, J=7), 091 (d, 3H, J=7), 1.8 (ddt, 2H, J=
12.5, 10.5, 3), 1.62-1.68 (m, 2H), 1.70 (br s, 3H), 1.97-2.01 (m, 1H), 2.10 (dsep, 1H, J=3,7), 3.42 (dt, 1H,
J=4,10.5), 4.76 (d, 1H, J= 10.5), 4.94 (d, 1H, J= 17), 6.26 (s, 1H), 6.27 (dd, 1H, J= 10.5, 17); *C NMR
(125 MHz) 8 9.0, 16.5, 20.7, 22.1, 23.7, 26.0, 31.6, 34.3, 41.8, 478 82.3, 107.0, 114.1, 137.1, 147.5; FT-
IR 873, 988, 1145, 1178, 1373, 1453, 1647, 2870, 2923, 2955 cm™’; HRMS calcd for C,;H,;O (M) 222.1984,

1 AnAn 1
found 222.1981.

D MMathhal 1L 2 hutadiana vommathulhanmayl nthax (1A nramarad in 280 viald Q0 ;o) Feana
A-vViinyi- i ,o-ouilaaiene, OG-~MeinyoenZy: <uillr (14¢) WwWas piepaitd i 557 YiCia {67 iig; iiom
aldehvde 13¢ (584 mo. 3.07 mmol) by a similar nrn(‘pdnr'p ag descrihed ahove ex npnf that punification was
aigenydae 13¢ (204 mg, 3.U/ 101) Oy QCceaure as gescriped anpve l_,u Hicauoen was

(d, 3H, J=1),4.79 (d, 1H, J— i1, 482 (q 1H, J=17), 4.96 (d 1H, J=17), 6.18 (dd, lH J=11, 17) 619 (s

V2



1H,), 7.27-7.37 (m, 5H); *C NMR (125 MHz) § 9.0, 23.7, 80.0, 107.9, 115.3, 125.9, 127.7, 128.5, 128.7,
136.9, 146.7; FT-IR 3087, 2979, 2929, 1649, 1450, 1169, 1119, 1071, 761, 700 cm™".
3-[2-1sopropyl-5-methylcyclohexyloxy-(1R, 25, 5R)]-3E -buten-2-one (15a) was prepared in 95%
yield (420 mg) from menthol (307 mg, 1.97 mmol) and trans-4-methoxy-3-buten-2-one (0.20 mL, 2.0 mmol) by
a similar procedure as desribed for 13a. Spectral characteristics were identical to literature reports. 3
(iE)3-Methyi-1,3-butadiene, [2-isopropyi-5-methyicyciohexyi eiher-(iR, 25, SR)] (i6a) was
prepared in 43% yield (89 mg) from ketone 15a (208 mg, 0.927 mmol) by a similar procedure as described for

- av ~1 — PR 1 -
9a: R, 0.95 (20% EA/hex); [ot], = -22° (¢ = 2.5, CHCL,); 'H NMR (500 MHz) 3 0.77 (d, 3H, J=7), 0.89 (d,
3H, J= 7), 0.92 (d, 3H, J= 6.5), 0.82-1.04 (m, 4H), 1.35 (ddt, 1H, J= 12, 10.5, 3), 1.37-1.43 (m, !H), 1.62-
1.69 (m zm 2.02-2.06 (m, 1H), 2.10 (app dp, 1H, J=2.5,7), 3.50 (dt, 1H, J=4, 10.5), 4.64 (s, 1H), 4.72
] 73 A= d ol 3 73 N 3 1 73 U =73

(s, 1H), 5.73 (d, 1H, J= 12.5), 6.41 (d, 1H, J= 12.5); "C NMR (125 MHz) 6 16.4, 19.0, 20.7, 22.1, 23.5,
25.8, 31.5, 34.3, 41.3, 47.8, 81.3, 110.3, 110.9, 139.9, 147.6; FT-IR 864, 919, 1041, 1143, 1175, 1453,
1636, 1646, 2870, 2922, 2954 cm’'; HRMS caled for (M*) 222.1984, found 222.1978.

Photooxygenations-General Conditions: A 0.1M solution of the dienol ether in 0.02 mM TPP / CH,ClI,
was cooled to 0 °C in a jacketed photolysis cell. Under continuous sparging with oxygen, the solution was
irradiated with a 200 W incandescent microscope illuminator from a distance of 10-15 cm until the reaction was
complete according to TLC or NMR. Reactions were concentrated in vacuo and then redissolved in CDCl;.
(Hydroperoxides were stabilized with a few drops of 0.1% solution of BHT in CH,CI, prior to concentration.)

Diastereomeric ratios were determined from resolved signals in the crude '"H NMR spectrum. Following NMR,
the reconcentrated samples were directly subjected to chromatography on silica gel

§-Buty!l-3-[2-Isopropyl-S-methylcyclshexoxy-(1R, 2§, 5R}]-3,6-dih 0-1,2-dioxine (17a)
was obtained from alkoxy diene (1Z,3E) 5a (225 mg, 0.85 mmol) in 63% yield (159 mg) as a 1.56 : 1 mixture
of diastereomers which could be separated by HPLC (1% EA/hex): R, 0.65 (10% EA/hex)

Major isomer: [0, =-11° (¢ =0.1, CDCl,); '"H NMR (300 MHz) § 0.76 (d, 3H, J = 7); 0.81-1.83 (m, 22H),
2.12 (apparent dp, 1H, J =2, 7), 2.24-2.31 (m, 1H), 3.39 (dt, I1H, J=4,), 426 (m, 1H), 5.05 (d, 1H, J=3)

5.87 (ddd, 1H, J =1, 4, 10), 6.12 (ddd, 1H, J = 1, 4, 10); °C NMR (75 MHz) § 14.6, 17.0, 21.7, 22.8, 23.2,
24.0, 26.3, 28.7, 32.47, 32.51, 35.0, 44.0, 49.1, 78.9, 81.7, 99.2, 123.0, 132.2; FT-IR 3053, 2947, 2920,
2870, 1456, 1385, 1344, 1099, 1051, 1014, 991 ¢cm™; Anal. Caled for C,(H,,0,: C, 72.93; H, 10.88. Found:
C, 73.10; H, 10.95. Minor isomer: 'H NMR (360 MHz) § 0.85 (d, 3H, J= 7, 3H), 0.88-1.08 (m, 11H), 1.24-
1.68 (m, 10H), 1.76-1.86 (m, 1H), 1.99-2.05 (m, 1H), 2.35 (app dp, 1H, J=2, 7 ) 3.57 (dt, 1H, J=4.5, 11),

4.23 (m, 1H), 5.13 (4, iH, J=4), 5.80 (ddd, iH, Jj=2, 4, 10), 6.14 (ddd, iH, J=1, 4, 10); Anal. Calcd for
i § MM I NN, XY 1N 09 | o Yy e Ny s e X 8 1N £&

C e H,,0,: €, 72.93; H, 10.88. Founa: L, 72./5; 1, 1U.05.

6-Butyl-3,6-dihydro-3-[trans-2-phenylcyclohexoxy-(RS)]-1,2-dioxine (17b) was obtained from

avvaanatinn af (17 3EY&h (1231 mo 460 mmol) in 71% vield (103 mo) as 2 2.9 : 1 mixture of diastereomers

UAJB\:AI“&IUI] i \LI_J,JLJ} - RF \LJ.I llle, N TN RARBARNSA 7 RAX T A IV JA\-A\-I AWV leb/ U R v s A AAZRJARABAN ASA WBalBJ VLA NAASRIANA NS

The minor isomer dgggmpgqed upon chromatography (100% hexane)., Major isomer: R 0.12 (5% EA/hex); 'H

NMR (500 MHz) 3 0.86 (t, 3H, J=7), 1.24-1.70 (m, 10H), 1.73-1.77 (m, 1H), 1.83- 1 90 (m, 2H), 2.27-2.30
(m, 1H), 2.57 (ddd, 1H, J= 3.5, 10.5, 13), 3.60 (dt, 1H, J=4.5, 10.5), 4.15 (m, 1H), 4.20 (d, 1H, J= 3.5),
5.25 (ddd, 1H, J= 1.5, 3.5, 10), 5.93 (ddd, 1H, J= 1, 4, 10), 7.18-7.21 (m, 1H), 7.23-7.30 (m, 4H); “C NMR
(125 MHz) & 13.9, 22.5, 25.3, 25.8, 28.0, 31.7, 32.6, 34.7, 51.4, 78.2, 83.2, 97.8, 122.1, 126.4, 128.0,
128.2, 131.1, 144.1; FT-IR 2928, 2857, 1467, 1463, 1393, 1379, 1326, 1009, 973, 738 cm’'; HRMS (FAB, 3-
NBA + Li) caled for C,;H,;0, (M + Li)* 323.2198, found 323.2204.

3-[2-Isopropyl-5-methylcyclohexoxy-(1R, 2S, 5R)]-3,6-dihydro-1,2-dioxine (18a) was obtained
from aikoxy diene 9a (50 mg, 0.24 mmol) in 86% yield (50 mg) as a 1.3 : 1 mixture of diastereomers separable

dlL)

7 17727 1719 1270 1720 QA1
fy Vi&l, 11la&, 1047, 1407, 771,

. Q
Ma]or Isomer: R,0.21 (5% EA/hexane); [a] =-28° (c = 0.3, CHCL); 'H
7\ 0.91 (r‘| 3H, Im N, 0.93 (d 3H. J= 7\ 0.77-1.06 (m, %H);

V.21 [ 9 ¥ il 1

m, 2H), 1.63-1.71 (m, 2H), 2.00-

NMR (300 MHz) 8 0.86 (d, 3H, J=
(
(dd, H, J= 4.5, 17), 4.78 (d, 1H,

2.07 (m, 1H), 2.38 (app dp, 1H, J= 2, 7), 3.58 (dt, 1H, I—4 I
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J=17), 5.19 (br s, 1H), 5.89 (d, 1H, J=10), 6.19 (dd, 1H, J=4.5, 10); °C NMR (75 MHz) § 15.5, 21.0,
22.2, 23.0, 25.0, 31.5, 34.4, 40.5, 47.8, 69.0, 77.2, 94.4, 123.4, 128.3
Minor Isomer: R,0.28 (5% EA/hexane); [Ot]D =+15° (¢ = 0.1, CHCL,); 'H NMR (300 MHZ) 6 0.77 (d, 3H, J=

7), 0.90 (d, 3H, J— 7), 091 (d, 3H, J=7), 0.80-1.03 (m, 2H), 1.09-1.41 (m, 3H), 1.58-1.66 (m, 2H), 2.13

(app dp, iH, J=12,7), 2.27 (m, iH), 3.41 (dt, 1H, /=4 5, 10.5), 4.34 (dd, iH, J= 4.5, 17), 4.76 (d, 1H, J=
1Y & 11 /e o 1TITY & QA 74 1LY T 10 Li’r /A3 1L T A & 1M. 1349 NTAAD /78 M I\ €S 1213 A1 N A" N
i7), 5.11 (br s, iH), 5.94 (4, 1H, /= 10), 6.17 (da, 10O, J= 4.5, 10); "C NMR (75 MHz) o0 16.3, 21.0, 22.2,
23.3, 25.0, 31.8, 34.3, 43.2, 48.4, 69.1, 81.0, 98.9, 123.0, 128.0

I &-Dihvdra-3.ltranc.2. nhpnvlnvnlnhpvnvv (RCY1.1 2.dinvine (18h) vyvoenatinn nf Oh (1 mo
3,0-Dihydro-3-{trans-2-phenylcyclohexox y-{KS)]-1,2-dioxine (18b). Oxygenation of 9b (100 mg,
0438 mmol) by a 51m_i1a: pr ogedure furnmhed a 2.0 : 1 mixture of diastereomeric gndgpg oxides 18bh in 79%

C,ﬁHmO; (M+Na) 283 1310 found 283 1306 Major Isomer IH NMR (360 MHz) & l 25-1.94 (m, 7H),
2.22-2.30 (m, 1H), 2.58 (dt, 1H, J= 3, 11), 3.62 (dt, IH, J= 4, 10.5), 4.22 (dd, IH, J= 4.5, 17), 4.26 (br s,
1H), 4.62 (d, 1H, J=17), 5.31 (d, 1H, J= 10), 5.96 (dd, 1H, J= 4.5, 10). Minor Isomer: 'H NMR (360 MHz)
5 1.25-1.94 (m, 7H), 2.22-2.30 (m, 1H), 2.64 (dt, 1H, J= 3, 11), 3.98 (dt, 1H, J=4, 10.5), 4.07 (dd, 1H, J=
4.5, 17), 4.57 (d, 1H, J= 17), 5.14 (br s, 1H), 5.52 (d, 1H, J= 10), 5.96 (dd, 1H, J=4.5, 10, 1H).

3-[2-Isopropyl-5-methylcyclohexoxy-(1R, 28, 5R)]-6-methoxymethyl-3,6-dihydro-1,2-

~Ans

dioxine (19a). Photooxygenation of dienol ether 12a (57 mg, 0.226 mmol) furnished, after flash

1 1 I 40 . /"

1.25 1 UldblCrCUlIlcrlL mixture of enaopeloxmes iya

QZY D NS INGL B A Thavy- LT NIMD /5 ALY\ S
F /U ). l\f\l LU0 L;l'\lllCA}, Il INIV1IN \JUU lVLLlL) Q

1
H b th isomers), 1.24-1.41 (m, 2H, both isomers), 1.58-
and 2.34 (app dp, total 1H, each J= 13, 7), 2.27-2.31 (__

\SHH al avil J

Lnromdwgmpny (1U 70 DAIHCX), an inse €para
QL0 vialdY nanAmnnniad lhay nl'rnv(vgrn 8

Cr"
G\

Q
a \7
0.84 (each d, total 3H, J=7) 0.85-1.16 (m,

2H, both isomers), 1.98-2.04 (m, 0.5H), 2.1

LI 15U \i33; VI )

N ‘9:;

Sy MeT237

3.33-3.56 (m, 2H), 3.369 and 3.372 (each s, total 3H), 3.46 and 3.58 (each dt, total 1H, J=4, 11), 4.85-4
(m, 1H, both isomers), 5.12-5.13 and 5.19-5.20 (each m, total 1H), 5.91 and 5.97 (each ddd, total 1H, J =
2,4,10 and 2,3,10), 6.03 and 6.04 (each app dt, total 1H, J= 1, 10); *C NMR (125 MHz) § both isomers 15.7,
16.3, 20.9, 21.0, 22.15, 22.24, 23.2, 23.3, 25.2, 25.7, 31.5, 31.8, 34.3, 34.4, 40.9, 43.2, 47.8, 48.4, 71.98,
72.01, 76.5, 77.2, 77.4, 77.6, 81.2, 93.9, 98.8, 124.7, 125.0, 128.8, 128.9; FT-IR 2953, 2924, 2869, 1715,
1454, 1197, 1129, 1087, 991, 742 cm’'; HRMS calced for C,H,;0,Na (M+Na)* 307.1885, found 307.1880.

1-[1-Hydroperoxy-2-methylene-3-butene], 2-isopropyl-S-methylcyclohexyloxy-(1R, 28, 5R)]
(20a). Photooxygenation of dienol ether 14a (100 mg, 0.450 mmol), performed to low conversion due to the
tendency of the initial diene hydroperoxide produ’t to undergo a second cycloaddition, f{urnished a 2.3 : 1
tATACATNATIC TR ey ~F Loy ,I v ennr s dan Wha. O'C

A L MNCL EAMaw\e AMainee Jonzasams 11T NTAAD 724N N U AN
uld\lClCUlllLllL llllAlUlC Ul lly PU OXiGcs ava. l\f JU \Luvo LzﬂlllCA) lVlu_/UI taUIILCI n INIVIIN {(O0U VINZ) 0
0.70 (d, 3H, J=7), 0.75-1.16 (m, 3H), 0.88 (d, 3H, J=7), 0.93 (d, 3H, J=7), 1.28-1.43 (m, 3H), 1.62-1.69
(m, 2H), 2.12 (app dp, 1H, J= 3, 7), 2.24-2.30 (m, 1H), 3.38 (dt, 1H, J=4, 11), 5.15 (d, 1H, J= 11), 5.36 (s,

1H), 5.46 (s, 1H); 5.49 (s, 1H), 5.52 (d, 1H, J= 18), 6.33 (dd, IH, J= 11, 18), 7.94 (s, 1H, OOH).

Minor isomer: '"H NMR (360 MHz) 8 0.71-1.07 (m, 3H), 0.85 (d, 3H, J=7), 0.89 (d, 3H J=7), 094 (d, 3H,
J=T), 1.31-1.41 (m, 2H), 1.61-1.69 (m, 2H), 1.93-1.98 (m, 1H), 2.35 (dsep, IH, J= 2.5, 7), 3.62 (dt, 1H, J=
4,11),5.16 (d, 1H, J= 11), 5.35 (s, 1H), 5.52 (d, IH, J= 18), 553 (s, I1H), 5.55 (s, 1H), 6.35 (dd, IH, J=
11, 18), 7.85 (s, 1H, OOH).

1-[1-Hydroperoxy-2-methylene-3-butene], [c-methylbenzyl (RS)] ether (20c): Photooxygenation
of dienol ether 14¢ (100 mg, 0.450 mmol) furnished 20¢ as a 2.5 : 1 mixture of diastereomers: R, 0.17 (5%

EA/hex); lHNMR(360MHZ 4 1.49 (d, 0.3x3H, J=17), 1.55 (d, 0.7 x 3H, J=7), 4.74 (q, 0.3H, J—7) 5.03

M ST Y T — = NnO 71 Fa% ¥ 11 - Y -Gy | “NTY ¥ 1 ¥ F=gle IV -V < <o BNV
{q, v./n,J=17),2.Us (4, VU 7t s J= 11) , 2.12 (a4, l..‘)H, J=11), 2.20-5.0/7 (mu Uple blﬂglcls 4].'1 00[n ISOInerS),
£ 99 731 N T7ET T 11 17y £ 24 731 N2LT 7. 11 17N T IVE T AD) (en KIT lhAth ionmnes)
V.£LO (UU, U./ri, J= 11, 1 I}, V.05 (U4, v.oIl, Jy= 11, 1/7), 7.4U=7.94 {111, JI1, DUl IDUIICIS ).
'lﬁf”='cnnrnnvl=:=mnfhnlnv:-‘nl‘nvnvv=11p 7 < SR mathvl.? A_dihvdra.1 V. dinvina (271a)
S=j&4=ASOPIOPYi=->=MeunY:iCYCiUNCXOXY =11y, 43, I jj=2=MCuUiyi=5,0=GiRYyGIr0=1,4=GIOXIGT \~«xad)

Oxygenation of 16a (378 mg, 1.70 mmol) furnished a 1.14 : 1 diastereomeric mixture of endoperoxides 21a
(393 mg, 90%) which were separable bv flash chromatography (2% EA/hex): FT-IR 1024, 1052, 1066, 1101,
1449, 1689, 1725, 869, 2921, 2954 cm’'; HRMS calced for C,H,,O,Li (M+Li)* 261.2042, found 261.2039.

Lh
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Isomer A: R,0.33 (95% hexane/Et,0); [0l],, = —25° (¢ = 0.6, CHCL,); "H NMR (500 MHz) & 0.75 (d, 3H, J=7
), 0.77-1.00 (m, 2H), 0.88 (d, 3H, J= 6.5), 0.89 (d, 3H, J= 6.5), 1.07 (dt, 1H, J= 11, 12), 1.29 (br t, 1H, J=
11), 1.35-1.42 (m, 1H), 1.58-1.63 (m, 2H), 1.72 (s, 3H), 2.12 (app dp, 1H, J= 2, 7), 2.23-2.27 (m, 1H), 3.38
(dt, 1H, J=4, 10.5), 4.10 (4, 1H, J= 16), 4.62 (d, 1H, J= 16), 5.07 (br s, 1H), 5.63 (br s, IH); °C NMR (125

MHz) 6 16.3, 17.9, 21.0, 22.1, 23.2, 25.6, 31.7, 34.2, 43.3, 48.4, 72.3, 80.7, 98.9, 117.3, 136.4.

isomer B: R, 0.27 (95% hexane/E(,0); [of, = -28° (¢ = 2.0, CHCL,); 'H '"H NMR (SU(‘J MHz) 6 0.79-1.04 (m,
3H), 0.83 (d, 3H, J= 7), 0.88 (d, 3H, J=7), 0.90 (d, 3H, J=7), 1.27 (brt, IH, J=11), 1.30-1.38 (m, 1H),
1.62-1.66 (m, 2H), 1.73 (s, 3H), 1.99 (br d, 1H, J=12), 236 (app dp, 1H, J=2,7), 3.52 (dt, 1H, J=4, 10.5),
4.10 (d, IH, J=16.5), 4.60 (d, 1H, J=16.5), 5.13 (brs, 1H,), 5.56 (br s, 1H); *C NMR (125 MHz) § 15.3
18.1, 21.0, 22.2, 22.9, 24.9, 31.5, 34.3, 40.6, 47.7, 72.2, 76.5, 94.5, 117.6, 136.6.

.7, J1.J, I, 7 L& FE. < 129
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PTAD cycloadduct of 1Z,3E-octadiene, 2-isopropyl-5-methylcyclohexyl (1R, 2S5, 5R)] ether
(22): To a 0 °C solution of dienol ether (1Z,3E)-5a (8.3 mg, 0.031 mmol) in d,-THF (0.5 mL) in an NMR tube
was added 4-phenyl-1,2,4-triazoline-3,5-dione (PTAD, 5.6 mg, 0.032 mmol) in d,-THF (0.5 mL). Complete
conversion to a 1.2 : 1 mixture of diastereomrs 22 was observed after 3 min: 'H NMR (300 MHy, d,-THF) &
0.59-2.17 (m, 25H), 3.67 (dt, 0.45H, J = 4, 10.5), 3.81 (dt, 0.55H/ =4, 10.5, 1.2 H), 5.65 (d, /=4, 1.0 H),
579 (d, J =4), 1.2 H), 5.85-5.91 (m, 1.2 H), 6.04-6.16 (m, 2.8 H), 7.27-7.59 (5H).

1Z,3E-nonadiene, 2-isopropyl-5-methylcyclohexyl (1R, 2S, 5R)] ether (23):

To a RT solution of tetrakis(triphenyiphosphine) pailadium (500 mg, 0.558 mmol) in isopropylamine was added

(ll) l 1oaoneptene (1.Y2 g, 6 DD ranU l[lC HllX[UI'C was b[lITC(l IOI' iy min WHCI’CUPOH du(y‘nyl e,lm:r Id (£Z.U]
g, 11.2 mmol) and a solution of copper (I) iodide (16

(J-)
..;
- qa
—

sequentially added. The resulting orange solution was lm’ed in the dark for 6 h and then diluted with hexane
The solution was washed with sat. aq. nmmonium chlon de and the agueous layer was back extracted with hexane

5R)] ether as a clear, hght yellow oil (2.06 g, 87%) R,0.34 (100% hexane) [OL]D -53° (c = 1.4); 'H NMR
(300 MHz) 0.83 (4, 3H, J=6.9), 0,86-1.56 (20H), 1.64-1.71 (m, 2H) 2.02-2.10 (m, 2H), 2.15 (apparent dp,
1H, J=2.9, 6.9), 2.24-2.30 (m, 1H), 3.83 (dt, 1H, J=4.5, 11.0), 5.44 (dt, 1H, J=15.5, 1.7), 5.92 (dt, 1H
J=15.7, 6.9); "C NMR (75 MHz) 14.0, 16.3, 20.6, 22.0, 22.5, 23.4, 25.9, 28.8, 31.4, 31.6, 32.9, 34.0, 39.2,
39.8, 46.9, 88.2, 96.2, 109.3, 140.8; FT-IR 2247, 1717 cm-1.

A septum-sealed flask containing a solution of nickel(1I) acetate (45 mg, 0.18 mmol) in 5 mL of absolute

PR SO

ethanol placcd was flushed with nyarogen and then allowed to stand under a balloon of the same gas. A solution

PR, ——— | £ Alio~l a atbmeal s ~ ~ i~ ey PN e 1 e
of sodium borohydride (6.9 mg, 0.18 mmol) in 3 mL of absolute ethanol was added. After an additional 20

ethylenediamine (0.045 mL, 0.72 mmol) was added followed by a solution of the enynol ether (53 mg, O.

mmol) in ethanol (2 mL) were added. After thrmo for an additinal hour, 1h, hydrgggn was purgcd and the

mmol) in ethanol (2 mL) were added. After stirrin an additinal hour
reaction mixture was diluted with hexane. After washme with 10% ag. NaHCO,, the organic layer was dried
over Na,SO,. Concentration, followed by flash chromatography (100% hexane, Et,N pretreated silica) afforded a
clear, colorless oil (42 mg, 82%) containing an 82:18 mixture of the desired dienol ether and the over reduced
enol ether. The two were separated using HPLC (100% Hexane, 21 mm x 25 cm Si column) to afford the pure
dienol ether : R,0.34 (100% hexane); [o];, = -53° (¢ = 0.9, Hexane); '"H NMR (500 MHz) 0.78 (d, 3H, J=6.9),
0.86-1.41 (20H) 1.63-1.67 (m, 2H), 1.99-2.17 (m, 4H), 3.40 (dt, 1H, J=4.3, 10.7), 4.99 (dd, 1H, J=10.7,
6.4), 5.51 (dt, 1H, J=15.5, 6.9), 5.92 (d, 1H, J=6.4), 6.36 (dd, 1H, J=11.0, 14.8); *C NMR (125 MHz)
143.9, 130.5, 123.3, 106.4, 82.3, 47.9, 41.7, 344, 32.9, 31.6, 31.5, 29.4, 26.0, 23.7, 22.6, 22.1, 20.8,

= oA 1 —r e

16.5, i4.1; FT-IR 1653, 1616 cm™

£ AR a4 D BT W P E ceintbhhalacvalibhoavawe (1D 7C howr e .
6-Peniyi-3-{2- suprupyl-v-mctu_yu,_yuuucxua_y-\u\, 25, 5R)}-3,6-dihydro-1,2-dioxine (24a):
A solution of dienol ether 23 (279 mg, 1.00 mmol) in 15 mL of a 0.001 M solution of TPP in CH,Cl, was cooled

£
a jacketed pyrex cell and aspirated with oxygen. The solution was photolyzed with a 200 W visible
rom a distance of 12 cm for 25 min. The crude reaction mixture was concentrated and purified by
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flash chromatography (0.05% EA/Hexane) to furnish 201 mg (65%) of dioxine 24a as a 1.6 : | mixture of
dias.tercomes which could be separated by HPLC (2% EA/Hex)'

j=6.9), 0.81-1.83 (24H) .14 (apparent dp, 1H, J=2.4, 7.2), 22 -2.34 (m, 1H), 3.41 (dt, IH, j=4.5, 10.8),
4.28 (m, 1H), 5.07 (d, 1H, J=3.3), 5.87 (ddd, 1H, J=1.6, 3.3, 10.3), 6.14 (ddd, 1H, J=1.2, 4.3, 10.3);
|3T\TT\A’DI’7<\A’UU\|11£1’)’7’I QQ A Q1 N 792 AQ & A2 2 247 270 1 21 Q 21 7 KT ONIK £ N2 N £
INIVIIN (/U IVII1L) 191.0, 1&é&.D, 70.U, O1.V, /6.0, #0.J, 43.5, I2%4.5, JL.i, I1.0, Jl./, LO.i, 22,0, £5.0, 4.0,
22.2,21.1, 16.3, 14.0; Anal. Calcd for C,,H,,0,: C, 73.50%; H, 11.04 %. Found: C, 73.77%:; H, 11.32%.
Minor isomer: (3R§65) 0.65 (10% EA/Hex); [o],=- 161" (¢ = 0.1, hex); 'H NMR (300 MHz) 0.85 (d, 3H,
J=6.9), 0.88-1.88 (24H), 1.99-2.08 (m, 1H), 2.36 (apparent dp, 1H, J/=2.4, 7.2), 3.57 (dt, 1H, J=4.5, 10.8),
4.24 (m, 1H), 5.14 (d IH, J=3.3), 5.81 (ddd, lH, J=1.6, 3.3, 10.3), 6.16 (ddd, 1H, J=1.2, 4.3, 10.3);

PNMR (75 MHz) 131.8, 122.8, 93.8, 78.1, 76.5, 47.9, 40.5, 34.5, 32.3, 31.8, 31.6, 25.7, 25.2, 231 22.6,
22.3, 21.1, 15.6, 14.1; Anal. Calcd for C (H,,0;: C, 73.50%; H, 11.04%. Found: C, 74.01%; H, 11.53%.
5(R)-pentyl-2(5H)-furanone (25) and (3R,6R)-3,6-dihydro-3-methoxy-6-pentyl-1,2-dioxine
(26): Into a solution of dioxine 24a (31 mg, 0.1 mmol) in MeOH (2 mL) was added TsOH*H,O (8 mg, 0.04
mmol). The solution was brought to reflux for 6 h and then quenched with water. The hexane extract was
concentrated and purified with flash chromatography (10% EA/Hex) to afford the furanone 25 as a colorless oil

oA AN

for which the stereochemistry was assigned on the basis of comparison with reported literature data.2® Rf=0.29

1IN DA TAw). Tl — ONO0 A N2 Lo iein). 1LY NTARAD 720N NALT\ N Q7T 7+ ALY T__£ OO 1 1 A: £ OIY\ 1 L0

(1U70 CAJTICA ), [(LJD— U (L=, m.;\auc:} F1ANIVIIN (OVUV IVITLIL) V.07 (L, oIl J=V.Z), 1. ;_,‘} 1.4 [I 1, OI1), 1.7

(v 27HY SN0V 1A TH T—-A72 1 Q) RnQ (dd 1TH J1=S7 1O\ 744 (dd 1H JI=5"7 l/l\ By NIMR (75 ME )

\lll, .b.ll}, -\ \lu,lll, J—U.h, 1. /, e uu, Li1, wSed gy Lo /}, [ e 4 UU,LIL, =T A L1Niviin \IJ LVILLL}

173.1, 156.3, 121.5, 834,332,314, 24.6, 13.9; FT-IR 2954, 2931, 2860, 1755, 1601 1466, 1163, 1099,

1020, 816 cm™. The fu anone was accomanied by small amounts ( 10%) of dioxine 26, which was assigned as

35,65 stereochemlst n the basis of comparison with literature reports for the enantiomer.2
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